Formaldehyde is one of the indoor air quality pollutants produced by indoor decoration. The World Health Organization has listed Formaldehyde as a primary carcinogen. Wood planks for house interior decoration are common sources of formaldehyde. Based on the technology research and development of monitoring and control of the smart home, the air quality should be effectively improved through emission and suppression. This study uses extremely unventilated student renters in Taiwan as simulation spaces. Two classes of wood plank construction materials, F1 and F3, which are classified according to as different concentrations of formaldehyde standard board grades by Taiwanese. Through three different temperature control experiments, each group of experiments use electrochemical formaldehyde detectors to measure at least two consecutive days of data to analyze the influence to which temperature, the control factor, affected formaldehyde emission rate. The results revealed that the F3 class wood planks can increase the rate of formaldehyde emission through heating, which has a significant effect on home environment control, but they need a temperature below 10 • C to barely maintain within the regulations in Taiwan. The F1 class wood planks have an emission rate of nearly zero in a low-temperature environment due to its low formaldehyde emission. The emission rate of the F1 in a high-temperature environment is not as effective as the F3. The addition of experimental data can be used as a reference basis for AI decision making, which is conducive to the establishment of indoor intelligent control systems.
I. INTRODUCTION
Formaldehyde, HCHO (formaldehyde chemical formula), is one of the most common toxic pollutants found in indoor air. Its most common sources are pressed woods and particle boards [1] . Formaldehyde, as one indoor air pollutant, has attracted more and more attention because of its underlying influence upon human comfort and health when presenting at a high concentration (900 µg/m 3 ) [2] . Its classification as a human carcinogen by the International Agency for Research on Cancer in 2004, the EU in 2015 has given rise to further studies into possible indoor The associate editor coordinating the review of this manuscript and approving it for publication was Mu-Yen Chen . emission sources and the World Health Organization listed formaldehyde as a Group 1 carcinogen [3] , [4] . Laboratory animal experiments have also demonstrated the hazard of formaldehyde, the results indicated that acute FA exposure induced early AD-like changes in the mouse brain increased the susceptibility of AD in the mouse. Even exposure to low concentrations of formaldehyde can cause health hazards, resulting in damage to their central nervous systems, immune system and abnormal stimulation of the neural network that controls normal stable reaction [5] - [8] . Exposure to an environment with formaldehyde irritates the skin, eyes, nose, and throat, leading to the development of asthma, allergies, or even cancers such as nasopharyngeal carcinoma [9] . Wooden construction materials, furniture, VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ gypsum wallboard, plywood, acoustic ceiling tile, rugs, paints and sealants are the most common sources of formaldehyde emission [10] . Many countries have established formaldehyde emission standards. Common standards for wooden materials include the European standard (E class) and the Japan standard (F class). Standard values of formaldehyde escape amount of European standards in terms of emission standards are divided into F1 (≤ 0.1 ppm), F2 (> 0.1-1.0 ppm) and F3 (> 1.0-2.3 ppm). Taiwan's standard (Chinese National Standards) is similar to that of Japanese standards in terms of F /F1(≤ 0.3 mg/L ), F /F2(≤ 0.5 mg/L), F /F3(≤ 1.5 mg/L) F (≤ 5.0 mg/L). Among them, F /F1 can meet the indoor air standard value of Taiwan, but the price is 2-3 times in the market price [11] , [12] . Both public and private buildings in Taiwan face indoor air pollution problems. Taiwan passed the Indoor Air Quality Control in 2011 [13] . Regulation include CO 2 , CO, formaldehyde, total volatile organic compounds, bacteria, fungi, PM 10 , PM 2.5 , and Formaldehyde emission should be below 0.08 ppm/hr. This experiment adopted F3 and F1 classes of wood plates common in Taiwan as experimental material for comparisons. Experiments were conducted in an enclosed acrylic box (to simulate extremely ill-ventilated spaces) for discussing how temperature influences formaldehyde concentration.
To solve the indoor formaldehyde problem, ventilation is the most straightforward approach to eliminate the indoor gaseous pollution [14] , but it takes at least 2-3 months to effectively reduce the formaldehyde concentration. Photocatalytic paint can purify indoor air [15] , or air purifiers with filtering materials such as photoplasma, activated charcoal, ozone, or negative ions are also commonly used. A contaminant-processing system can be established through heating, ventilation, and air-conditioning [16] . This experiment adopted F3 and F1 classes of wood plates common in Taiwan as experimental material for comparisons. Experiments were conducted in an enclosed acrylic box (to simulate extremely ill-ventilated spaces) for discussing how temperature influences formaldehyde concentration. At present, information and communication technology (ICT) is booming. The key to the development of the Internet of Things is a smart home. They connect through the Internet through sensors and sensors [17] , [18] . The integration of the Internet of Things and artificial intelligence applications are the development trend of intelligent cities and smart homes. Monitoring data allows AI to perform high-precision and clear indications of execution decisions in the Internet of Things [19] .
At present, the technology on the market has been able to achieve indoor environmental management through design, which has the feasibility of research and development. The formaldehyde in indoor pollutants is directly affected by indoor objects rather than external air, which is a challenge that needs to be faced and overcome. Regarding the environmental factor control dimension of indoor health management, such as temperature, humidity and ventilation rate, etc. have a relevant impact on indoor air pollutants. For good indoor air quality management, temperature plays as the key factor in this study for measuring how fast the formaldehyde concentration rising or falling. In the future, the above analysis results will be used as a reference basis for AI decision making, which is conducive to the establishment of indoor intelligent control systems.
II. METHOD
This study conducted six sets of experiments. Two classes of organic wood construction materials (of the F1 and F3 classes) were placed in three temperature scenarios (normal, heating, and cooling) to measure the amount of formaldehyde emission from the wooden samples in the simulation boxes.
A. EXPERIMENTAL PLANNING AND EQUIPMENT
This study used the common small area bedrooms or suites that Taiwanese students typically rent as study objects. These student suites often tend to be an almost enclosed space and ill-ventilated. When not using air-conditioning, the indoor temperature soars because of the inability to ventilate and disseminate heat. Even when using air-conditioning, residents are still living in an enclosed space because most of the airconditioning systems only reduce the temperature and do not have an air exchange function. To simulate the aforementioned scenario, this experiment used a bedroom with a height of 3 m and a floor area of 9 m 2 . The simulation box was at a reduced scale at 1:10 (L30 × W30 × H30 cm). Assuming that the bedroom has a wooden closet (L100 × W60 × H236 cm), a wooden sample was also made at 1:10 (480 cm 3 ). Therefore, six wooden samples with a size of L20 × W8 × T0.5 cm were placed in each experiment box.
Take the normal setting of experimental planning as an example. The simulation box was made of transparent acrylic plates. Wooden samples and sensor sets with a combination of a temperature sensor and formaldehyde sensor were placed in the box. To simultaneously monitor two types of wooden samples, two simulation boxes were produced. To prevent the notebook computer from being damaged by wind or rain when used outdoors, an orange box was used to cover it. Holes were drilled into the box to facilitate ventilation and heat emission of the notebook. An on-air sensor that could simultaneously monitor outdoor temperature was placed next to the simulation box ( Fig. 1 ). Observations were conducted for over two days to analyze the emission rate of formaldehyde under controlled temperatures. 
B. SITUATIONAL SETTING
This study involved six experiments, namely F1 class and F3 class wood planks under three temperatures: normal, cooling, and heating. Table 1 lists detailed information of the wood planks, including material, volume, weight, simulation box heat, experimental location, and measuring time.
This experiment was conducted in January 2019. F3(Normal) and F1(Normal) regular temperature experiments were conducted on the rooftop of the building outdoors. In Taichung, the average temperature outdoors ranged from 14 • C-20 • C during the day and 15 • C-21 • C at night. The temperature change within 24 hours in the simulation box was in the range of 18 • C-50 • C ( Fig. 2(A) ). F3(Cooling) and F1(Cooling) experiments were conducted in the laboratory, where air-conditioning was used to create a cold environment. The temperature change within the simulation box was in the range of 13 • C-18 • C ( Fig. 2(B) ). F3(Heating) and F1(Heating) were conducted in the laboratory using a hair dryer to create a heated environment. The temperature change in the simulation box was in the range of 48 • C-50 • C ( Fig. 2(C) ). The sensors in the simulation box were an electrochemical ME2-CH2O formaldehyde sensor and Arduino DHT22 temperature module. The measuring frequency was every 3 seconds. The wood planks were placed in an enclosed simulation box. The changes in formaldehyde emission in response to different temperatures and times were measured. 
C. CONTAMINANT SOURCE SETTING
In Taiwan, formaldehyde emission standards are categorized into F1, F2, and F3 classes. F1-class wood emits a low amount of formaldehyde, but its price is 3-5 times higher than that of F3-class woods; therefore, it is less accepted on the market and not commonly used. Two standard test methods are adapted to measure formaldehyde concentration: weight and surface area of the board. To ensure that each experimental group had the same initial concentration, we purchased new large-area F1-class and F3-class wood. After we purchased it, we cut them into 18 samples of L20 × W8 × T0.5 cm. A group of six pieces was considered the source of the contaminant (i.e., the proportional smaller closet). The total volume of a set of samples was 480 cm 3 (and the weight was approximately 366 g). Because the experiments were not conducted all at the same time, to avoid inconsistency in formaldehyde concentration in the experiments due to formaldehyde emission resulting from wood being exposed to air for too long, we stored each group of wood samples (6 pieces) in a vacuum after the first cut to ensure that the wood planks had the same initial concentration for the formaldehyde emission rate observation test ( Fig. 3 ) 
D. SENSOR SELECTION
When selecting air sensors, certain factors must be considered such as the sensitivity, energy consumption, production cost, ability to sense specific gas among mixed gasses, the time required for the sensor to produce a warning signal when the gas concentration reaches a certain level, and whether the sensor returns to the original state after use [20] . Electrochemical approaches would better suit quantification of the complex electrolyte expected of CO 2 reduction samples [21] . Electrochemical approaches would better suit quantification of the complex electrolyte expected of CO 2 reduction samples [22] . Therefore, this study used an electrochemical formaldehyde sensor (model ME2-CH2O), Arduino DHT22 temperature sensor set, which consisted of a capacitive humidity sensor, and a negative temperature coefficient temperature sensor. This experiment used electrochemical formaldehyde sensor ME2-CH2O, which had a formaldehyde sensing range of 0-50 ppm and precision reaching 0.02 ppm. Its sensitivity was 1.1 µA/ppm. The hardware of the air monitoring system was an Arduino microcontroller board. The Arduino software platform development is within Open Source. It mainly uses I/O control. Given that the formaldehyde sensor could measure a wider range using an analog signal than using a digital signal, we used the analog signal I/O interface. The size of the microcontroller board was approximately 8 × 6 cm. Electricity was provided through USB ports. Voltage data were converted using an Analog to Digital Converter (ADC), which turned analog signals into digital signals and transmitted them to a computer program to be converted into a concentration. The outdoor temperature sensor also used the Arduino DHT22 temperature module. An iron frame was adopted as support for the device, and on top of the device, a wooden plant was used to shield rain, maintain ventilation, and create shade for preventing uncontrolled temperature increases.
E. ALGORITHM THEORIES BEHIND OBSERVATION VALUES
This study considered experimental measurement needs and set the formaldehyde measurement range to 0-20 ppm. With the sensitivity, every 1 ppm creates 1.1 µA. The formaldehyde sensor is mounted on a circuit board which with a fixed resistance (R) of 100 k, and the current (A) is converted to concentration formula (Eq. 1).
According to Ohm's law (Eq. 2), whenever 1.1µA(I) through a circuit board with a fixed resistance (R) of 100 k, a voltage of 0.11V is generated. If through an amplifier to doubles the number, it will generate 0.22V. Therefore, infer the estimated output current (A) of the sensor flows through fixed output 100k resistor (R) of the board, and the amplifier is amplified twice to calculate the input voltage (V) (Eq. 3).
So far the signals be received were analog signals, so they need to be converted into digital signals, which can be transmitted to the computer program for calculation by Analog to Digital Converter (ADC). The ADC adopted in this study has a voltage range of 0-5 V and accurate of 10 bits. Analog to Digital Converter (ADC) is converts input voltage (V) into voltage value (V ADC ), and the convergent equation is presented in Eq. 4. Finally, the voltage value is converted into a concentration by ADC (Eq. 5).
III. RESULTS

A. OUTDOOR NORMAL EXPERIMENT OBSERVATION RESULTS
There are two experiments in the Outdoor Normal experiment, namely F3(Normal) and F1(Normal), being placed in an outdoor environment under normal temperature conditions ( Fig. 2(A) ). They mainly simulated a living space/bedroom nearly enclosed, and no temperature control was added to the simulation boxes. F3(Normal) was conducted from January 11-14, 2019, whereas F1(Normal) was conducted from January 29-31, 2019. Both simulation boxes were placed outdoor to the rooftop of the building for 3 days. The system was set to measure the following data every three seconds: 1. outdoor background environment temperature, 2. temperature within the box, and 3. formaldehyde concentration in the box. In F3(Normal), the outdoor temperature during the day remained between 17 • C-25 • C and 17 • C -21 • C during the night. Because the simulation box was completely enclosed, allowed for no ventilation, and was under direct sunlight, the temperature in the box during the day reached 50 • C. From the temperature change in the simulation box in Fig. 4 , we learned that the average temperature gap (Point a 2 -a 3 /Point a 4 -a 5 /Point a 6 -a 7 /Point a 8 -a 9 /Point a 10 -a 12 /Point a 12 -a 13 ) was approximately 30 • C. When the temperature increased, a positive correlation was observed between temperature and formaldehyde emission rate. For example, in Fig. 4 , Point a 2 -a 3 corresponds to Point b 2 -b 3 , and the average formaldehyde emission rate in the three sections where the formaldehyde concentration increases (Point b 2 -b 3 /Point b 6 -b 7 /Point b 10 -b 12 ) was y = 0.00027x + 0.1097 (y = formaldehyde concentration (ppm), x = time in seconds). The formaldehyde concentration increased by a factor of approximately 6.5 in 4-6 hours (to approximately 2.3 ppm). When the temperature decreased, it was also positively correlated to formaldehyde inhibition rate. For example, in Fig. 4 , Point a 4 -a 5 corresponds to Point b 4 -b 5 , and at the three descending segments (Point b 4 -b 5 / Point b 8 -b 9 /Point b 12 -b 13 ), the average formaldehyde inhibition rate was y = −0.0003x + 2.7361 (y = formaldehyde concentration, x = time in seconds). In 4 hours, the formaldehyde concentration (ppm) reduced by a factor of 3.2. However, for F3(Normal), for both increase (emission) or decrease (inhibition) rates, the values exceeded the Taiwan regulations for indoor concentration safety (0.08 ppm). Additionally, the linear equation of this study could only primarily represent the first 4-6 hours of increasing or decreasing slope through rapid temperature change. 
B. INDOOR COOLING EXPERIMENT OBSERVATION RESULTS
Indoor cooling included two experiments. F3(Cooling) and F1(Cooling) were put in the same indoor environment temperature condition simultaneously for the experiment (Fig. 2(B) ). This experiment simulates a living room or bedroom by using air-conditioning to reduce the temperature and thereby enabling observation of the indoor background environment temperature, the temperature in the simulation box, and formaldehyde concentration in the simulation box. The system was set to measure the aforementioned data every 3 seconds. The experiment was conducted in January 2019. The total experimental time was 74 hours. The background environmental temperature ranged from 17 • C-23 • C, and the average temperature inside the simulation box was 11.6 • C, which was a difference of approximately 7 • C-11 • C compared with the indoor background temperature. The average temperature difference was 8.9 • C.
Regarding the F3(Cooling) experiment, observation data presented in Fig. 6 indicate that within the first hour after the wooden sample was placed in the simulation box, the formaldehyde concentration gradually increased (see Point e1-e2). The concentration stabilized in hour 26 (see Point e 2 -e 5 ) at approximately 0.14 ppm. Since hour 27, the concentration decreased (see Point e 5 -e 6 ). When the experiment reached hour 58, the concentration reached the lowest value (Point e 6 ) at 0.06 ppm. At Point e 5 -e 6 , when the experiment reached hour 39, the formaldehyde concentration decreased to less than the value of 0.08 specified by indoor safety regulations in Taiwan. During the entire 74-hour experiment, the controlled temperature in the simulation box was almost stable. The formaldehyde concentration only decreased during hours 27-58, at a rate of y = − 0.000002x + 0.1328. At Point e 6 -e 7 , the concentration reached stability and stopped decreasing. The average concentration was 0.08 ppm, barely reaching the value specified by indoor safety regulations in Taiwan. However, if the average temperature in the simulation box (11.8 • C) had slightly increased, then formaldehyde concentration may have exceeded the standard and damaged people's health. In the F1(Cooling) experiment, observation data recorded in Fig. 7 reveal that at low temperatures (the average temperate in the simulation box was 11.5 • C), all of the concentrations observed were less than 0.001 ppm, which is less than the value for indoor safety specified in regulations in Taiwan. During the 74-hour experiment, a small amount of formaldehyde was observed in only approximately half of the time (ranging from 0.00016-0.001 ppm) (See Point f 1 -f 4 / Point f 5 -f 9 / Point f 10 -f 13 ). 
C. INDOOR HEATING EXPERIMENT OBSERVATION RESULTS
Indoor heating included two experiments. F3(Heating) and F1(Heating) were placed in the same indoor environment temperature condition simultaneously for the experiment (Fig. 2(C) ). This experiment simulates living room and bedroom temperature conditions using a heating device (hair dryer) to maintain a high temperature. Research indicates that the inside temperature of reinforced concrete without heatinsulation materials can reach 45 • C-50 • C when exposed to sunlight [23] . The high temperature was created by connecting the temperature with the hair dryer's power supplier to maintain the simulation box temperature at 48 • C-50 • C. The following content was also under continual observation: 1. indoor background environment temperature, 2. temperature in the simulation box, and 3. formaldehyde concentration in the simulation box. Likewise, the system was set to measure the aforementioned data every 3 seconds. The experiment was conducted in January 2019. The total experiment time was 60 hours. The background environmental temperature ranged from 19 • C-24 • C, and the average temperature inside the simulation box was 48.6 • C, which was a difference of approximately 23 • C-28 • C compared with the indoor background temperature. The average temperature difference was 26.1 • C.
In the F3(Heating) experiment, observation data recorded in Fig. 8 revealed that the formaldehyde concentration increased in two segments. The first one (Point g 1 -g 2 ) was more rapid. During the first hour of the experiment, the formaldehyde concentration rapidly increased from 1.3 ppm (Point g 1 ) to 2.7 ppm (Point g 2 ). Its emission rate was y = 0.0045x − 0.4287. The second one (Point g 2 -g 3 ) was slower. During the second to the third hour of the experiment, the formaldehyde concentration slowly increased from 2.7 ppm (Point g 2 ) to 2.9 ppm (Point g 3 ). Its emission rate was y = 0.0001x + 2.6212. From hours 3 to 60 (Point g 3 -g 4 ), the overall formaldehyde concentration remained stable at 2.97 ppm, a value 37 times higher than the indoor safety concentration value regulated by the law in Taiwan.
Observation data presented in Fig. 9 for the F1(Heating) experiment reveal that the formaldehyde concentration slowly increased in the first 17 hours, from the initial minute value (Point h 1 ) to 1.46 ppm (Point h 2 ). Its emission rate was y = 0.000065x + 0.2454. From hours 18-60 (Point h 2 -h 3 ), the concentration remained stable. The average formaldehyde concentration was 1.58 ppm, which was still 20 times higher than the value for indoor safety concentration specified by national regulations (0.08 ppm). 
IV. CONCLUSION
The main contribution of this study for the application can be realized from the experiment result that the F3-class wood board can be emission in large amounts of formaldehyde with a high temperature in a short period of time. On the base of formaldehyde emission rate which be found from this research, indoor formaldehyde problems can be controlled by intelligent temperature control system and air-interchange system, especially the houses located in the temperate and subtropical zone.
This study investigated how temperature affected the formaldehyde emission rate by wooden materials. From the experimental observations of F1 (Heating) and F3 (Heating), increasing the temperature at home to catalyze the emission of formaldehyde from wood closets. This measure is 9.7 times more effective on F3 class wood than on F1 class wood. The reinforced concrete walls in a building may indirectly increase formaldehyde emission from indoor construction materials. When a wall is exposed to sunlight, emission of formaldehyde in wooden furniture attached to the wall may be triggered. The experimental results of the present study revealed that F3-class and F1-class construction materials under this high temperature (45 • C-50 • C) lead to emitting formaldehyde concentrations 37 times and 20 times higher than the safety standard (0.08 ppm) in 3 and 17 hours, respectively, make the risk of health hazard increase. Comparison of experimental observations of F1 (Cooling) and F3 (Cooling). If the environmental temperature had been reduced to hinder the emission of formaldehyde in a closet at home over a short time (such as 4 hours), the hindering effect of F3-class wood would have been unfavorable. At winter and summer in a subtropical climate, using air-conditioning to reduce the temperature and thereby hindering formaldehyde emission is not feasible or economical. By contrast, for countries where the daily temperatures are always less than 10 • C in temperate and polar climates, this option would be feasible and economical. This study only discussed the influence of temperature. In fact, humidity is also a critical controlling factor. Subsequent studies may observe the influential proportions of temperature and humidity in affecting the formaldehyde emission rate. Studies may use different construction materials, contaminant scales, and space sizes to perform various experiments, thus establishing a database of formaldehyde emission amounts and emission rates using different construction materials. For future IoT can be used to integrate data and make decisions by triggering related object information, such as user itinerary, domestic use situation, indoor temperature, indoor formaldehyde concentration, turning on or off air-conditioning or ventilation. AIoT can use formaldehyde concentration as the basis for controlling benefits and efficiency or use user comfort as the goal of establishing the optimal health hazard management model to ensure healthy Indoor Air Quality. 
